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Abstract — This paper presents an optimal placement of TCSC 
which is a FACTS (Flexible Alternative Current transmission 
Systems) controller in order to increase the loadbility of the system. 
The optimization problem is solved using the genetic algorithm. In 
this study the availablity of the budget is taken in consideration. 
The result show that the increase in loadability can be restricted 
by the availability of budget and also that beyond a certain budget 
there will not be any further increase in loadability. Also beyond a 
certain number of TCSC there will be no further increase in 
system loadability.  
Keywords—TCSC; budget; genetic algorithm; optimal;  
loadabilty 
I.  INTRODUCTION  
 
Economic growth comes with heavy requirement on the power 
system network, there is always a need to increase the capacity 
of the network. It is not always possible to increase the capacity 
by building new infrastructure and this is as a result of 
environmental and financial constraints. Flexible Alternative 
Current transmission Systems (FACTS) device can assist in 
increasing the loadability of the network without building a new 
infrastructure. FACTS devices are able to alter the 
characteristics of the network and as a results increase 
loadability of the network. FACTS devices have the ability to 
re-direct power in the network. There are different types of 
FACTS devices which affect different characteristics of the 
network and the following are some of the FACTS devices 
 
• Thyristor controlled phase angle regulator (TCPST),  
• Unified power flow controller (UPFC) 
• Thyristor controlled series compensator (TCSC), 
•  Static VAR Compensator (SVC),  
• Static compensator (STATCOM). 
 
The FACTS device of interest in this paper is the TCSC. The 
TCSC operate the same way as the series capacitor with the 
advantage of being fast. The utilization of TCSC in power 
system network  can result in the following benefits [1] 
 
• Increase in the system loadability and enhanced 
power flow 
• Rapid power flow control in transmission lines, 
 
• Increase the sensitivity and the responsiveness of the 
transmission lines  
 
The study in [2] utilizes the TCSC to identify the highly 
sensitive lines for outages. In [3] the particle swarm 
optimization (PSO) is used to optimally located TCSC with the 
aim of maximizing the system loadability while minimizing the 
investment cost. In [4] TCSC is utilized together with other 
FACTS devices for congestion relief and voltage stability in a 
market-based power system. The enhancement of the total 
transfer capacity (TTC) of a power system is determined by 
using different combination of FACTS devices with TCSC 
being one of them [5]. To determine the optimal size and the 
location of TCSC or any FACTS device is a complex 
optimization problem. There are different methods that can be 
employed to solve such problems, the methods can be 
categorized into heuristic optimization algorithms and 
analytical techniques [6] 
 
The most employed method is heuristic optimization algorithm 
tabu search (TA) is used in [7],[8]. Studies in [9]-[12] solves 
the problem using particle swarm optimization (PSO). There 
are few studies that employ simulated annealing (SA) [7]. The 
popular heusistic method used is the genetic algorithm [13]-
[17]. 
 
This paper proposes an optimal placement of TCSC in a power 
system network with the objective to increase system 
loadability given a certain budget. The current research in this 
area focus on optimization of the location while considering 
cost of installation of TCSC. This research assumes an infinite 
budget which is not realistic[3],[19]. The research in this paper 
addresses the problem by taking into account the budget 
constraints, the reason being there is no any utility company or 
organization with infinite budget. The paper answers the 
problem were the power utility company have a certain amount 
of money and want to determine how much it can increase the 
loadability with the money in disposal. 
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After giving the introduction in section 1 the paper is further 
organized as follows, The influence of TCSC on the power flow 
is explained in section 2. The formulation and modelling of the 
problem is given Section 3. The case study is presented in 
section 4.  The results are given in section 5 and the discussion 
of the result is given in section 6.  The paper ends by conclusion 
which is given in section 7. 
II. TCSC INFLUENCE ON POWER FLOW 
The influence of TCSC on the power flow on transmission 
line between bus i and k can illustrated by the active and reactive 
power equations 1 and 2 
 
??? ? ???? ? ??????? ???? ?? ? ???                         (1) 
 
??? ? ???? ??
??????? ???? ?? ? ???]                      (2) 
Where, 
Vi and Vk  voltage at bus i and k 
Xik  is the reactance of the line 
?? ? ?? ? ???  is the angle between the phasors Vi and Vk 
 
 
 
Fig. 1. The influence of TCSC in a transmission line [20] 
III. PROBLEM FORMULATION AND MODELLING 
 
The modelling of the optimal placement of TCSC problem is 
considered in this section. The optimization model will choose 
the location where the TCSC should be placed and the setting 
of that TCSC which will be represented by the reactance. The 
model will select both the location and setting based on the 
budget available. The objective of this is to determine the 
optimal setting, location and number of TCSCs that can be 
installed in a network in order to maximize the system 
loadability (L) given a certain budget.  
 
Thus, mathematically, the problem is modelled as follows; 
 
? ? ??????????? ?????                         (3) 
??? ????????? ? ? ???? 
??? ????????? ? ? ????????? 
Where ???? is the number of buses and ????????? is the 
number of branches in the network. 
?? ? ?????                                             (4) 
?????? ? ????                                               (5) 
??????? ? ?                                                  (6) 
???????? ? ??? ? ????????                          (7) 
Where; 
??   is power carrying capacity of the line 
???    is the bus voltage of individual buses 
???????  is the total investment cost the TCSC   
?       is the budget available                                       
?????????? ? ?
?????????????????????????????????????????????? ? ??? ??
???? ??? ? ????? ???? ?????? ? ??? ??
              (8) 
 
?????????? ? ??????????????????????????????????????????????????? ? ?????????????? ? ?????????????????? ? ????          (9) 
 
?? ? ? ?? ??????????????????????????????????????? ?????????????????????????????????         (10) 
 
?? ? ? ??????? ? ??                                                (11) 
Where ?? in equation 11 is the number of TCSC installed and 
while ?? gives an upper limit on how many TCSCs you can 
install in this network 
 
The cost of installing a TCSC is given by the equation that 
follows 
?? ? ?????? ? ? ? ????                                          (12) 
Where 
C represent the cost of TCSC in US$/KVAR 
R is the operating range of the TCSC in MVAR 
The bus voltage constraints (VBL), line loading limits 
(OVL) and budget constraints are implemented in a form of a 
fitness function; 
??? ? ? ? ???? ? ???? ? ???                                (13) 
Where Bud is a penalty function defined by; 
 
??? ? ??? ???????????????? ??????? ? ??????? ????? ??????? ? ?                               (14) 
As is already mentioned in [13]-[19] the most popular 
heuristic optimization model used to solve these kinds of 
problems is GAs, The GA is also applied to solve the optimal 
placement problem presented in this paper. There are several 
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steps that are followed in GA and the steps are as follows (and 
are depicted in figure 2)  
Step 0: The first step is to create a random population which will 
be called the initial population. This population must be of a 
certain size and the size is determined by the user. This 
population represent the possible solution of the problem posed 
in (3). These solutions are referred to as individuals. The size of 
the population is selected to be 100 in this paper. 
Step 1: In this step the possible solutions created in step 1 are 
evaluated to check their fitness. The solutions are then ranked 
accordingly and checked if there is an optimal solution. The 
termination of the algorithm will occur if there is an optimal 
solution or a condition of termination is met. 
Step 2: If there is no optimal solution from step 1, then out of 
the ranked solutions (individuals), the two individuals on top of 
the list are selected and these two will serve as parents. 
Step 3:  In this step mating will occur between the individuals 
selected in step 2. New population will be formed by the 
offsprings of this process. This population represent new 
solutions. 
Step 4:  The mutation of the population takes places in this step, 
some of the individual’s genes are altered and this create also a 
new population.  
Step 5:  The algorithm terminates in this step if the conditions 
for termination are met and if not the algorithm will repeat the 
process all over again by returning to step 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Genetic Algorithm-Flow Chart 
 
IV. CASE STUDY 
To illustrate the efficiency of the optimization model, the 
model will be applied on a modified IEEE 14-bus test system. 
The values of the line parameters are altered to be the same with 
lines that are utilized in one power utility company in South 
Africa. Figure 3 is the modified IEEE 14 bus test system. The 
transmission line parameters are given in Table 1 and the 
transformer parameters are given in Table 2. 
 
Fig. 3: A modified IEEE 14 bus system. 
 TABLE I. TRANSMISSION LINE PARAMETERS 
 
 
 
 
 
Bus Number Line 
From To R X Charging B 
1 2 0.000576676 0.001760677 1.774417139 
1 5 0.001608037 0.006636834 1.653434152 
2 3 0.001398246 0.005890845 1.471959672 
2 4 0.001729136 0.005246622 1.256878807 
2 5 0.001694618 0.005174017 1.142617097 
3 4 0.001993966 0.005089211 1.54589372 
4 5 0.000397246 0.001253036 0.430161731 
6 11 0.001038108 0.002173928 0 
6 12 0.001343376 0.00279594 0 
6 13 0.000723003 0.001423819 0 
7 8 0 0.001925276 0 
7 9 0 0.001202382 0 
9 10 0.000347675 0.000923564 0 
9 14 0.001389281 0.002955186 0 
10 11 0.008967862 0.002099277 0 
12 13 0.002414601 0.002184639 0 
  
Yes 
Generate the initial population 
for genetic algorithms 
Display 
Calculate the objective function for 
all individuals and rank the solutions 
Selection 
Crossover/Mating 
Mutation 
Meet Criteria? 
Start 
End 
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 TABLE II. TRANSFORMER PARAMETERS 
V. RESULTS 
 
Fig. 4: Influence of number of TCSCs on total system loadability 
TABLE III. THE IMPACT OF ONE TCSC ON SYSTEM LOADABILITY  
No of TCSC = 1 
System loadability  1.15 
System loadability increase (15%-4%) = 11% 
Location 10 
Reactance 0.1901    
TABLE IV. THE IMPACT OF TWO TCSC ON SYSTEM LOADABILITY  
No of TCSC = 2 
System loadability  1.29 
System loadability 
increase 
(29%-4%) = 25% 
Location 2 5 
Reactance     -0.5314     -0.7979     
TABLE V. THE IMPACT OF THREE TCSC ON SYSTEM LOADABILITY  
No of TCSC = 3 
System loadability  1.34 
System loadability 
increase 
(34%-4%) = 30% 
Location 2 4 5 
Reactance -0.470   -0.1534   -0.6544   
TABLE VI. THE IMPACT  OF 15 MILLIONS BUDGET ON  SYSTEM LOADABILITY  
Budget of $8 million 
 
System loadability  1.18 
System loadability 
increase (%) 
(18%-4%) = 14% 
Actual Money spent 
(Million) 
7.5 
Location 2 14 17 
Reactance -0.437    -0.2794   -0.7335 
TABLE VII. THE IMPACT  OF 25 MILLIONS BUDGET ON  SYSTEM LOADABILITY  
Budget of $12 million 
 
System loadability  1.22 
System loadability increase 
(%) 
(22%-4%) = 18% 
Actual Money spent (Million) 11.5 
Location 2 7 19 
Reactance -0.422  -0.724   -0.554   
TABLE VIII. THE IMPACT  OF 35 MILLIONS BUDGET ON  SYSTEM LOADABILITY  
Budget of $18 million 
 
System loadability  1.30 
System loadability increase(%) (30%-4%) = 26% 
Actual Money spent (Million) 17.6 
Location 2 4 5 
Reactance -0.736  -0.7877   0.122 
 
Fig. 5: Influence of budget on the total system loadability 
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From To 
R X Charging B 
Tap 
ratio 
4 7 0 0.00228563 0  
4 9 0 0.00607891 0  
5 6 0 0.002754516 0  
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VI. DISCUSSION OF THE RESULTS 
The graph in figure 4 shows the influence of the number of  
TCSCs on the loadability of the system. The loadability of the 
system increases as the number of TCSCs increases up until to 
a certain point. In this case there is no loadability 
improvement beyond three TCSCs. Table 3 , 4 and 5 gives the 
system loadability as the result of installing the TCSCs and 
also the increase in system loadability. The tables also gives 
the locations on which the TCSCs are placed. The locations 
are the branch numbers which are shown on figure 3, the 
modified IEEE 14 bus system. The loadability of the system 
can be improved by 30% which is achieved by installing 3 
TCSCs at the optimal places. By installing 1 TCSCs you can 
improve the loadability by up 10%, while installing 2 TCSCs 
the system can achieve the loadability of up to 25%. 
 
The graph in figure 5 shows the influence of the budget on the 
loadability of the system. To illustrate the influence of the 
budget on the system loadability, a system with 3 TCSCs is 
used because it gives you maximum loadability. Table 6, 7 
and 8 shows the influences of budget on system loadability 
and loadability increase. These tables also gives the budget 
and the actual money spent in contrast to the previous tables. 
Table 6 illustrate the case were there is budget of  $8 million 
available the system loadability can be increased by up to 
14%. With the budget of $12 millions avaible the loadability 
can be increased to 18% and 26% increase in loadability can 
be achieved if there is a budget of $18 millions. 
VII. CONCLUSION 
The optimal placement of TCSCs in the power system 
network is formulated while taking into consideration the 
budget constraint. The result shows a non linear relationship 
between the increase in the number of TCSCs and the increase 
in system loadability, this is also true for the increase in 
budget and the increase in system loadability. 
REFERENCES 
[1]  R. M. Mathur and R.K Varma, Thyristor-based FACTS controllers for 
electrical transmission systems. John Wiley & Sons, 2002. 
 
[2]  G. Raman, D.S. Babu, P.S. Venkataramu and M.S. Nagaraja “Sensitivity 
Factor based Improvement Studies Incorporating Facts Devices Under Line 
Outage Contingency,” Int. Conf. on Power, Energy and Control (ICPEC), Feb. 
6-8, 2013, vol. 1, pp.64-68 
 
[3]  M. Saravanan, S.M.R. Slochanal, P. Venkatesh, P.S. Abraham.  
“Application Of PSO Technique For Optimal Location Of FACTS Devices 
Considering System Loadability And Cost Of Installation” in Power 
Engineering Conference, Nov. 29- Dec, 2, pp. 716-721 
 
[4]  R. S. Wibowo, N. Yorino, M. Eghbal, Y. Zoka and Y. Sasaki, "FACTS 
Devices Allocation With Control Coordination Considering Congestion Relief 
and Voltage Stability," in IEEE Transactions on Power Systems, vol. 26, no. 
4, pp. 2302-2310, Nov. 2011. 
 
[5] W. Ongsakul and P. Jirapong, "Optimal allocation of FACTS devices to 
enhance total transfer capability using evolutionary programming," 2005 
IEEE International Symposium on Circuits and Systems, 2005, Vol. 5. pp. 
4175-4178  
 
[6] E. Ghahremani and I. Kamwa, "Optimal placement of multiple-type 
FACTS devices to maximize power system loadability using a generic 
graphical user interface," in IEEE Transactions on Power Systems, vol. 28, 
no. 2, pp. 764-778, May 2013. 
 
[7]  S. Gerbex, R. Cherkaoui, and A. J. Germond, “Optimal placement of 
FACTS devices to enhance power system security,” in Proc. 2003 IEEE 
Power Tech Conf., Jun. 23–26, 2003, vol. 3, pp. 1–6. 
 
[8] P. Bhasaputra and W. Ongsakul, “Optimal placement of multi-type 
FACTS devices by hybrid TS/SA approach,” in Proc. 2003 IEEE Circuits and 
Systems (ISCAS’03), May 25–28, 2003, vol. 3, pp. 375–378. 
 
[9]  S. T. J. Christa and P. Venkatesh, “Application of particle swarm 
optimization for optimal placement of unified power flow controllers in 
electrical systems with line outages,” in Proc. 2007 IEEE Int. Conf. 
Computational Intelligence, Dec. 13–15, 2007, vol. 1, pp. 119–124. 
 
[10] M. Saravanan, S. M. R. Slochanal, P. Venkatesh, and P. S. Abraham, 
“Application of PSO technique for optimal location of FACTS devices 
considering cost of installation and system loadability,” ELSEVIER Electr. 
Power Syst. Res., vol. 77, pp. 276–283, Apr. 2007. 
 
[11] A. Rathi, A. Sadda, L. Nebhnani and V. M. Maheshwari, "Loss 
minimization with D-FACTS devices using sensitivity based technique," 2012 
IEEE 5th India International Conference on Power Electronics (IICPE), 
Delhi, 2012, pp. 1-5. 
 
 [12] E. N. Azadani, S. H. Hosseinian, M. Janati, and P. Hasanpor, “Optimal 
placement of multiple STATCOM,” in Proc. 2008 IEEE Int. Middle-East 
Conf. Power Syst. (MEPCON’08), Mar. 12–15, 2008, pp. 523–528. 
 
[13] S. Rahimzadeh, M. Tavakoli Bina, and A. Viki, “Simultaneous 
application of multi-type FACTS devices to the restructured environment: 
Achieving both optimal number and location,” IET Gener. Transm. Distrib., 
vol. 4, no. 3, pp. 349–362, Sep. 2009. 
 
[14] M. Behshad, A. Lashkarara, and A. H. Rahmani, “Optimal location of 
UPFC devices considering system loadability, total fuel cost, power losses and 
cost of installation,” in Proc. 2009 IEEE Int. Conf. Power 
Electronics and Intelligent Transp. Syst., Dec. 19–20, 2009, vol. 2, pp.1–7. 
 
[15]  G. I. Rashed, H. I. Shaheen, and S. J. Cheng, “Optimal location and 
parameter setting of multiple TCSCs for increasing power system loadability 
based on GA and PSO techniques,” in Proc. 2007 IEEE Int. Natural 
Computation Conf. (ICNC’07), Aug. 24–27, 2007, vol. 4, pp. 335–344. 
 
[16] S. Gerbex, R. Cherkaoui, and A. J. Germond, “Optimal placement of 
multi-type FACTS devices in a power system by means of genetic 
algorithms,”IEEE Trans. Power Syst., vol. 16, no. 3, pp. 537–544, Aug. 2001. 
 
[17] A. Kazemi, D. Arabkhabori,M. Yari, and J. Aghaei, “Optimal location of 
UPFC in power systems for increasing loadability by genetic algorithm,” in 
Proc. 2006 IEEE Univ. Power Eng. Conf., Sep. 6–8, 2006, vol. 2, pp. 774–
779. 
 
[18] S. R. Najafi, M. Abedi, and S. H. Hosseinian, “A novel approach to 
optimal allocation of SVC using genetic algorithms and continuation power 
flow,” in Proc. 2006 IEEE Int. Power and Energy Conf., Nov. 28–29, 2006, 
pp. 202–206. 
 
[19] K. Tlijani, T. Guesmi and H. Hadj Abdallah, "Optimal number, location 
and parameter setting of multiple TCSCs for security and system loadability 
enhancement," 10th International Multi-Conferences on Systems, Signals & 
Devices 2013 (SSD13), Hammamet, 2013, pp. 1-6. 
 
[20] M. Gitizadeh, H. Khalilnezhad, and R. Hedayatzadeh. "TCSC allocation 
in power systems considering switching loss using MOABC algorithm." In 
Electrical Engineering, vol 95, no. 2, pp. 73-85, Jun. 2013 
